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DESCRIPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates generally to a system and method for cooling 
motors and more specifically to a system and method for cooling linear motors of a 
lithographic tool or device. 

Background Description 

An exposure apparatus utilizes one or more linear motors to precisely position 
a wafer stage which holds a semiconductor wafer relative to a reticle. The images 
transferred onto the wafer from the reticle are extremely small, and precise 
positioning of the wafer and the reticle is thus critical to the manufacturing of the 
wafer. To maintain precise control of the positioning of the wafer and reticle, a 
measuring system is utilized such as a laser interferometer in combination with a 
wafer stage mirror. The laser interferometer, which is known to be sensitive to air 
temperature variations, preferably has a wavelength of approximately 630 nm (i.e., 
red helium-neon laser). 

Several types of linear motors are known to be used with exposure apparatus 
such as lithographic tools. In a typical linear motor, a magnet array encircles a coil 
array. The coil array includes a plurality of coils that are individually supplied with an 
electrical current. The electrical current generates an electromagnetic field that 
interacts with the magnetic field of the magnet array thus causing the coil array to 
move relative to the magnet array. When the magnet array is secured to the wafer 
stage, the wafer stage moves in concert with the magnet array. In this manner, precise 
movement of the wafer stage can be accomplished in several planes using several 
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linear motors. 

In providing an electrical current to the coils, however, heat is generated due 
to the resistance in the coils. The heat generation rate increases as the linear motor 
acceleration increases due to increased current requirements. The heat generated from 
5 the coils is subsequently transferred to the surrounding environment, including the air 

surrounding the linear motor and the other components positioned near the motor. 

Several problems occur due to the heat generation in the linear motors. By 
way of a first example, the heat expands components of the lithographic machine, 
thus causing alignment problems and degrading the accuracy of the device. 

10 Additionally, the heat changes the index of refraction of the surrounding air which 
reduces the accuracy of the metrology system and degrades machine positioning 
accuracy. Specifically, the heat generated by the coils of the motor raises the air 
temperature around the motor which changes the index of refraction along the 
interferometer beam path. This causes noise and error in the interferometer signal. 

15 Moreover, the resistance of the coils increases as temperature increases which, in turn, 

exacerbates the heating problem and reduces the performance and life of the linear 
motor. 

There is a requirement, then, to maintain the outer surface temperature of the 
linear motor housing at a very uniform temperature. That surface temperature must 

20 be matched closely to the surrounding air in the exposure apparatus. A typical 

specification is that the linear motor surface temperature be maintained within 0.1 C 
of the surrounding air temperature. Known systems have linear motors which operate 
at low power, and thus low speed, to minimize heat generation. However, whenever 
any current is supplied to the motor, heat is generated. That heat must be removed by 

25 conduction to the exposure apparatus frame and convection to the surrounding air. 

Heat removal by either conduction or convection requires that the motor surface be at 
higher temperature than the surroundings. Therefore, unless the motor is operated at 
extremely low power, its surface temperature will exceed the specification. Such a 
low-power motor cannot meet the other specifications for speed and acceleration. 

30 In one solution, coolant such as the Novec series of coolants (manufactured by 
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3M) is used to cool the coils of the linear motor. The coolant flows through a close- 
fitting container around the coils carrying away the heat generated by the coils. There 
are two problems with this approach. First, as the industry builds faster stages, more 
coolant is required to absorb the heat generated by the coils. Secondly, the heat 
5 transferred to the coolant raises the coolant temperature. The temperature is higher on 

the outlet side of the coil container as compared to the inlet side. Such temperature 
non-uniformities cause the metrology problems discussed above. The physical 
properties of the coolant limit the amount of heat that can be absorbed for a given 
temperature rise. Specifically, the product of the coolant density and the coolant 

10 specific heat (the pCp product) determines the coolant temperature rise for a given 
fiowrate of coolant and heat dissipation in the coils. This pCp product can be 
expressed in units of Watts/LPM-°K, where LPM is liter per minute. For example, 
one coolant may have a pc p product of 30 Watts/LPM-°K. This means that for a coil 
power dissipation of 30 Watts and a coolant flow rate of 1 LPM, the coolant 

15 temperature rise will be 1 °K. To decrease the temperature rise the coil power must 

be reduced or the coolant flow rate increased. 

As can thus be seen, the pc p product dictates the amount of coolant that must 
pass through the linear motor in order to remove the heat generated by the coils with 
an acceptable temperature rise. For example, as the coolant enters the coils at a 

20 controlled temperature, heat from the coils will raise the temperature of the coolant. 

As the coolant then leaves the linear motor, it will have a higher temperature. But, if 
the temperature rises too much, it will be necessary to pump more coolant through the 
linear motor to cool the coils of the motor. This requires a stronger pump, larger flow 
rates, additional energy needed for the system, large piping and additional flow- 

25 inducted vibration. If not enough coolant passes by the motor to carry away the heat, 

then the problems discussed above will result. 

SUMMARY OF THE INVENTION 

30 In a first aspect of the present invention, a system for cooling a motor includes 
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a temperature-adjusting device which adjusts the temperature of a heat transfer fluid 
to be within a small tolerance of the desired temperature of the linear motor housing. 
The system further includes a pressure device which adjusts a pressure of the heat 
transfer fluid to the thermodynamic saturation pressure corresponding to the set 
5 temperature. This means that boiling of the heat transfer fluid will occur when heat is 

transferred from the motor coils to the fluid. When boiling is occurring, the 
temperature and pressure of the heat transfer fluid are not thermodynamically 
independent. Therefore, the boiling temperature remains substantially constant as the 
heat generated by the motor is absorbed by the heat transfer fluid. A pump pumps the 
10 heat transfer fluid through the temperature adjusting device, the pressure device and 
the motor. 

In another aspect of the invention, a thermoelectric device adjusts the 
temperature of a coolant to the boiling temperature of the coolant. An adjustable 
pressure-regulating device adjusts the pressure of the heat transfer fluid to a 

1 5 predetermined pressure that sets the desired boiling temperature. A feedback control 

unit adjusts the temperature of the coolant via the thermoelectric device such that a 
Tdesired temperature is substantially equal to a T in temperature. The feedback control 
also adjusts the pressure of the coolant via the adjustable pressure-regulating device 
such that the boiling temperature of the coolant is maintained at a T ou t temperature 

20 which is substantially equal to the T desir ed temperature. A pump pumps the coolant 

through the thermoelectric device, adjustable pressure regulating device and the linear 
motor. The adjustable pressure-regulating device maintains the boiling temperature 
of the coolant as heat generated by the linear motor is absorbed by the coolant. 
In yet another aspect of the invention, a method is provided for cooling a 

25 motor. The method includes the steps of adjusting the temperature of a heat transfer 

fluid to approximately a boiling temperature and adjusting the pressure of the heat 
transfer fluid to maintain the boiling temperature of the heat transfer fluid at a 
predetermined level. The boiling temperature remains substantially constant as heat 
is absorbed by the heat transfer fluid generated by the motor. The method further 

30 includes pumping the heat transfer fluid through the motor at the adjusted temperature 
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and predetermined pressure. 

In a further aspect of the invention, an exposure apparatus is provided. The 
exposure apparatus includes an illumination system that projects radiant energy 
through a mask pattern on a reticle R that is supported by and scanned using a wafer 
5 positioning stage. At least one linear motor is provided that positions the wafer 

positioning stage. A system cools at least one linear motor. The system includes a 
temperature adjusting device which adjusts the temperature of a coolant to 
approximately the desired temperature and a pressure device that adjusts the pressure 
of the coolant to maintain the boiling temperature at a predetermined level. This 
10 maintains the boiling temperature as heat is absorbed by the coolant from at least one 

linear motor. A pump pumps the coolant through the temperature adjusting device, 
the pressure device and at least one linear motor. A device may be manufactured 
using the exposure apparatus. Also, a wafer on which an image has been formed by 
the exposure apparatus is also provided. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects, aspects, and advantages will be better 
understood from the following detailed description of a preferred embodiment of 
20 the invention with reference to the drawings, in which: 

Figure 1 is a representative schematic of a fixed pressure drop system of the 
present invention; 

Figures 2a-2c show a feedback control system implemented by the present 
invention; 

25 Figures 3 shows an aspect of the present invention using an adjustable valve in 

a sealed system; 

Figure 4 shows an aspect of the present invention using an adjustable valve in 
a vented system at atmospheric pressure; 

Figure 5 shows an aspect of the present invention using an adjustable valve in 
30 a vented system under pressure; 
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Figure 6 is a schematic view illustrating a photolithography apparatus 
according to the invention; 

Figure 7 is a flow chart showing semiconductor device fabrication; and 
Figure 8 is a flow chart showing wafer processing. 

5 

DETAILED DESCRIPTION OF 
EMBODIMENTS OF THE INVENTION 

The present invention is directed to a system and method for cooling 

10 linear motors of a lithographic tool. By use of the present invention, it is now possible 

to maintain an outer surface of a linear motor within a set temperature range to control 
the effect of the linear motor on the surrounding environment and the surrounding 
components. The present invention is based on the principles of a two-phase system 
which maintains the coolant at a specific boiling temperature by adjusting the 

1 5 pressure and temperature of the coolant as it enters the linear motor. In this system 

and method, the boiling temperature of the coolant will remain substantially the same 
as a desired temperature prior to flowing into the linear motor. By monitoring the 
coolant temperature as the coolant enters and exits the motor, it can be determined 
that the heat from the source, i.e., coils, has boiled part or all of the coolant while 

20 maintaining a nearly constant temperature of the linear motor. This boiling absorbs 
heat, but with almost no temperature rise of the coolant. Small variations in the 
boiling temperature may occur due to the pressure drop of the coolant flowing 
through the motor housing. In this manner, the precision and accuracy of the tool will 
be maintained. In embodiments, the coolant is designed to boil at an ambient 

25 temperature of approximately 23° C. 

Embodiments of 
the Present Invention 

30 Referring now to Figure 1, a schematic of a fixed pressure drop system of the 

present invention is shown. In this aspect of the invention, the pressure of the coolant 
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is controlled within the linear motor 100 using a fixed pressure drop device 102. The 
linear motor 100 is a typical linear motor having a magnet array surrounding the coil 
array. But, the present invention, in all aspects, may equally be used with other types 
of motors. The pressure drop device 102 may be a venturi or may be any type of 
5 restrictor, for example, an orifice or a needle valve. In this system, once the pressure 

drop is adjusted, it is fixed for the linear motor 100. 

As further seen in Figure 1, a pump 104 and an atmospheric vent 106 are also 
provided. The pump 104 may include a chiller or other thermoelectric device for 
adjusting the temperature of the heat transfer fluid, i.e., coolant. The coolant may be 

10 vented to atmosphere via the atmospheric vent 106. Thus, according to the 

embodiment of Figure 1, the present invention is a cooling system for a linear motor 
that includes a temperature-controlled coolant and a fixed pressure drop to control the 
boiling point of the coolant. "Boiling point" encompasses temperature and pressure. 
It should be understood by those of ordinary skill in the art that the boiling 

15 temperature of the coolant is a function of pressure. Thus, by lowering the pressure of 

the coolant, the boiling temperature of the coolant will also be lowered according to 
known principles of thermodynamics. Likewise, raising the pressure of the coolant 
will also raise the boiling temperature of the coolant. It should also now be 
understood that the temperature of the coolant will not change as heat is transferred 

20 from the motor as long as the coolant is maintained in the two-phase state. Thus, heat 

generated from the motor coils will result in the boiling of the coolant, but will not 
raise the temperature of the coolant. All of coolant typically will not be vaporized. 
Thus, by using the present invention, regulating the temperature and pressure of the 
coolant as it enters the linear motor will ensure that the temperature of the linear 

25 motor will not rise thus ensuring the accuracy of the lithographic tool. The coils may 

include a surface that is slightly roughened by sanding or scratching the surface to 
produce more uniform and vigorous boiling. 

Figures 2a-2c show a feedback control system implemented by the present 
invention. In this implementation, the pressure of the coolant is controlled using an 

30 adjustable valve or some other mechanism for actively changing the coolant pressure 
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in the linear motor. Figure 2a is a highly schematic representation of the control 
system implemented by the present invention. In this representation, a chiller or other 
thermoelectric device loop 200 and a pressure loop 210 is shown controlling the 
temperature and pressure variables, respectively, of the coolant. By using this looped 
control, the temperature entering and exiting the linear motor may be maintained at a 
nearly constant temperature thus enabling the heat transfer fluid to better absorb heat 
generated from the linear motor and thereby maintain the temperature of the linear 
motor. In this manner, there will be minimum temperature increase of the linear 
motor surface, thus maintaining the accuracy of the tool. 

In Figure 2b, a temperature control feedback loop 200 is used to maintain the 
inlet temperature of the heat transfer fluid at the desired temperature. None of the heat 
transfer fluid is boiling at this point. Specifically, the control loop of Figure 2a 
includes a T de sired temperature of the heat transfer fluid entering into the system. A 
feedback control 202 is representative of a gain control which monitors and is capable 
of adjusting the temperature of the heat transfer fluid via a chiller or thermoelectric 
device 204. Any control law known in the art such as a proportional-integral- 
derivative (PID) controller or lead lag filter may be used. The plant 206, i.e., motors, 
pumps, and other heat source of the lithographic tool, is provided with the desired or 
predetermined temperature of the heat transfer fluid. The T in temperature should be, 
in embodiments, equivalent to the T des ired temperature. 

Figure 2c shows a pressure control loop 210 implemented by the present 
invention. In this control loop, the pressure feedback control device 212 is used to 
monitor and adjust the pressure of the heat transfer fluid such that the boiling 
temperature of the heat transfer fluid is at the T de sired temperature. In the embodiment 
shown in Figure 2c, the T out temperature of the heat transfer fluid is measured. Since 
the boiling heat transfer fluid will be at a nearly constant temperature, the T out 
temperature is indicative of the boiling point of the heat transfer fluid. Thus, by 
changing the pressure of the heat transfer fluid, in the plant 206, using an adjustable 
pressure regulator, valve or some other restrictor 214 the boiling temperature of the 
heat transfer fluid changes, thus changing the T out temperature. Now, by comparing 
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the T out temperature to the T des ired temperature and the T des ired temperature to the T in 
temperature via a controller C, it can be determined that there is no substantial 
temperature change of the heat transfer fluid and that hence boiling occurred. That is, 
the system of the present invention thus provides a temperature control and an 
5 adjustable pressure drop to control the boiling point of the coolant. 

Figures 3-5 show aspects of the present invention using an adjustable valve 
system. In these aspects of the invention, the pressure and temperature of the coolant 
are controlled in a boiling heat transfer system. In Figures 3 and 4, the heat transfer 
fluid, i.e., coolant, is SUVA-123 from DuPont, which has a boiling temperature of 23° 

10 C at absolute pressure of 85 kPa (partial vacuum). Thus, the boiling temperature at 

atmospheric pressure is above room temperature. It should be understood, though, 
that the systems of the present invention equally contemplate the use of other coolants 
within the scope of the present invention, and that the use of SUVA-123 is provided 
herein for exemplary purposes. Additionally, it is within the scope of the invention to 

15 utilize the feedback controls shown in Figures 2a-2c in controlling, monitoring and/or 

adjusting the variables of the coolant in the aspects of the invention of Figures 3-5. 

Figure 3 shows a completely sealed system using an adjustable valve. The 
sealed system ensures that the fluid does not boil off into the atmosphere and prevents 
air from leaking in since in this embodiment the system pressure is below atmosphere 

20 pressure. Additionally, in this configuration the system should be accurately charged 
(air must be removed from the system). In the system of Figure 3, a pump 400 is used 
to raise the heat transfer fluid pressure to higher than atmospheric. The pressurized 
heat transfer fluid collects in the accumulator 402 and the attached valve 402a drops 
the pressure as it flows into the system. The fluid then passes through an actively 

25 controlled adjustable valve 404 used to adjust (e.g., drop) the pressure of the heat 
transfer fluid in order to control the boiling temperature of the heat transfer fluid in 
the linear motor 408. A heater or chiller 406 (or other type of thermal device), any 
configuration of which is well known in the industry, is used to adjust (raise or lower) 
the temperature of the heat transfer fluid to very close to the desired temperature. The 

30 heat transfer fluid then flows through the linear motor 408 at which time heat is 
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removed from the coil 408a by boiling of the heat transfer fluid. The linear motor 
408, much like the linear motors discussed throughout, can be any known type of 
linear motor, and may be used for moving a wafer stage in any desired plane. The heat 
transfer fluid then returns to a condenser 410, where heat from the boiled fluid is 
5 released, converting the boiled gas to liquid. The heat transfer fluid then condenses to 

a liquid and enters the pump 400 again. 

It should be understood that the position of the adjustable valve 404 and the 
thermal device 406 are interchangeable. Also, the position of the pump 400 and the 
condenser 410 are also interchangeable; however, it is preferred that the pump is 

10 positioned after the condenser so that only liquid is pumped though the pump 400. 

Moreover, it is contemplated by the present invention that approximately 1% to 2% 
by mass of the heat transfer fluid is vaporized in the linear motor 408, much like in all 
of the aspects of the present invention. Of course, depending on the configuration, 
more or less heat transfer fluid may flow through the motor at a single point in time. 

15 In an embodiment of the present invention, the heat transfer fluid is SUVA 

123 and the boiling temperature is related to the pressure by the approximate equation 
Tboii = 23° C + 0.303 °C/APa (P-84.8APa), where P is the fluid saturation pressure 
measured in kilopascals (kPA). The fraction of the liquid that will be turned to vapor 
in the motor is determined by the power dissipated in the motor, the coolant flowrate 

20 and the properties of the coolant. For example, using the heat transfer fluid SUVA 
123 at an operating point near 23° C, the percentage of the coolant turned to vapor in 
the motor housing is: 

%vaporized = 0.023 Power/LPM 

25 

where the power dissipated is measured in Watts and the flowrate (LPM) is liters per 
minute. For example, for a motor generating 100 Watts with a coolant flowrate of 2 
LPM, the percentage (by mass) of vapor in the coolant at the motor exit is 0.023 x 
1 00/2 = 1.1 5%. Of course, this same principle is applicable for other temperatures 
30 and pressures and power dissipations. 
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In the system of Figure 4, a pump 400 is again used to raise the heat transfer 
fluid pressure. A coarse valve 401 is, in embodiments, used to drop the pressure to 
atmospheric into a reservoir 403 vented to atmosphere. The reservoir 403 may 
contain a heater or other temperature-adjusting device (such as a chiller) to precisely 
control the temperature of the heat transfer fluid flowing to the linear motor 408. The 
heat transfer fluid then flows through an actively controlled adjustable valve 404 to 
drop the pressure and control the boiling point of the heat transfer fluid. In 
embodiments, the heat transfer fluid may flow through a chiller or other 
thermoelectric device 406 prior to flowing into the linear motor 408 (if one is not 
provided in the reservoir 403). The fluid flows through the linear motor 408 and 
removes heat by partially boiling, as provided in all aspects of the invention. The heat 
is then removed in a condenser 410, converting the vapor to liquid. The fluid then 
enters the pump 400. Again, it is noted that the position of the valve 404 and the 
chiller 406 and the pump 400 and the condenser 410, respectively, are interchangeable 
as discussed above. 

Figure 5 shows a vented system under pressure, one embodiment of the 
present invention. In this configuration, the heat transfer fluid boiling temperature is 
below room temperature at atmospheric pressure. This heat transfer fluid (coolant) 
may be, for example, HFC 236-PA from DuPont. Once again, the pump 400 is used 
to raise the pressure of the heat transfer fluid. The valve 404 is used to drop the 
pressure such that the heat transfer fluid will boil at the desired temperature. The 
fluid then flows through a heater or other thermoelectric device 406 to precisely set 
the motor inlet temperature. The heat transfer fluid then flows through the linear 
motor 408 and removes heat from the coils of the motor by boiling. The heat transfer 
fluid then flows through a valve 409 which drops the pressure back to just above 
atmospheric. There will be a small pressure drop in the condenser. The gas in the 
heat transfer fluid is returned to the liquid state in the condenser 410, then returned to 
a vented reservoir 412 at atmospheric pressure. Again, it is noted that the position of 
the valve 404 and the chiller 406 and the pump 400 and the condenser 410, 
respectively, and other features are interchangeable. Obviously, combinations of these 
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aspects of the invention of Figures 3-5 are within the scope of this invention. 

Figure 6 is a schematic view illustrating a photolithography apparatus 
(exposure apparatus) 40 in accordance with the present invention. The wafer 
positioning stage 52 includes a wafer stage 51, a base 1, a following stage 3 A, a 
following stage base 3 A, and an additional actuator 6. The wafer stage 51 comprises 
a wafer chuck 120 that holds a wafer 130 and an interferometer mirror IM. The base 
1 is supported by a plurality of isolators 54 (or a reaction frame). The isolator 54 may 
include a gimbal air bearing 105. The following stage base 3 A is supported by a 
wafer stage frame (reaction frame) 66. The additional actuator 6 is supported on the 
ground G through a reaction frame 53. The wafer positioning stage 52 is structured 
so that it can move the wafer stage 51 in multiple (e.g., three to six) degrees of 
freedom under precision control by a drive control unit 140 and system controller 30, 
and position and orient the wafer 130 as desired relative to the projection optics 46. 
In this embodiment, the wafer stage 51 has six degrees of freedom by utilizing the Z 
direction forces generated by the x motor and the y motor of the wafer positioning 
stage 52 to control a leveling of the wafer 130. However, a wafer table having three 
degrees of freedom (Z, 0x, 0y) or six degrees of freedom can be attached to the wafer 
stage 5 1 to control the leveling of the wafer. The wafer table includes the wafer 
chuck 120, at least three voice coil motors (not shown), and bearing system. The 
wafer table is levitated in the vertical plane by the voice coil motors and supported on 
the wafer stage 5 1 by the bearing system so that the wafer table can move relative to 
the wafer stage 5 1 . 

The reaction force generated by the wafer stage 51 motion in the X direction 
can be canceled by motion of the base 1 and the additional actuator 6. Further, the 
reaction force generated by the wafer stage motion in the Y direction can be canceled 
by the motion of the following stage base 3 A. 

An illumination system 42 is supported by a frame 72. The illumination 
system 42 projects radiant energy (e.g., light) through a mask pattern on a reticle R 
that is supported by and scanned using a reticle stage RS. In one embodiment, the 
reticle stage RS may have a reticle coarse stage for coarse motion and a reticle fine 
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stage for fine motion. In this case, the reticle coarse stage correspond to the 
translation stage table 100, with one degree of freedom. The reaction force generated 
by the motion of the reticle stage RS can be mechanically released to the ground 
through a reticle stage frame 48 and the isolator 54, in accordance with the structures 
described in JP Hei 8-330224 and U.S. Patent No. 5,874,820, the entire contents of 
which are incorporated by reference herein. The light is focused through a projection 
optical system (lens assembly) 46 supported on a projection optics frame 75 and 
released to the ground through isolator 54. 

An interferometer 56 is supported on the projection optics frame 75 and 
detects the position of the wafer stage 51 and outputs the information of the position 
of the wafer stage 51 to the system controller 30. A second interferometer 58 is 
supported on the projection optics frame 75 and detects the position of the reticle 
stage RS and outputs the information of the position to the system controller 30. The 
system controller 30 controls a drive control unit 140 to position the reticle R at a 
desired position and orientation relative to the wafer 130 or the projection optics 46. 
By using the system and method of the present invention, accuracy of the 
interferometer is maintained. 

There are a number of different types of photolithographic devices. For 
example, apparatus 70 may comprise an exposure apparatus that can be used as a 
scanning type photolithography system, which exposes the pattern from reticle R onto 
wafer 130 with reticle R and wafer 130 moving synchronously. In a scanning type 
lithographic device, reticle R is moved perpendicular to an optical axis of projection 
optics 46 by reticle stage RS and wafer 130 is moved perpendicular to an optical axis 
of projection optics 46 by wafer positioning stage 52. Scanning of reticle R and wafer 
130 occurs while reticle R and wafer 130 are moving synchronously but in opposite 
directions along mutually parallel axes parallel to the x-axis. 

Alternatively, exposure apparatus 70 can be a step-and-repeat type 
photolithography system that exposes reticle R while reticle R and wafer 130 are 
stationary. In the step and repeat process, wafer 130 is in a fixed position relative to 
reticle R and projection optics 46 during the exposure of an individual field. 
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Subsequently, between consecutive exposure steps, wafer 130 is consecutively moved 
by wafer positioning stage 52 perpendicular to the optical axis of projection optics 46 
so that the next field of semiconductor wafer 130 is brought into position relative to 
projection optics 46 and reticle R for exposure. Following this process, the images on 
5 reticle R are sequentially exposed onto the fields of wafer 130 so that the next field of 
semiconductor wafer 130 is brought into position relative to projection optics 46 and 
reticle R. 

However, the use of apparatus 70 provided herein is not limited to a 
photolithography system for semiconductor manufacturing. Apparatus 70 (e.g., an 

10 exposure apparatus), for example can be used as an LCD photolithography system 
that exposes a liquid crystal display device pattern onto a rectangular glass plate or a 
photolithography system for manufacturing a thin film magnetic head. Further, the 
present invention can also be applied to a proximity photolithography system that 
exposes a mask pattern by closely locating a mask and a substrate without the use of a 

15 lens assembly. Additionally, the present invention provided herein can be used in 

other devices, including other semiconductor processing equipment, machine tools, 
metal cutting machines, and inspection machines. 

In the illumination system 42, the illumination source can be g-line (436 nm), 
i-line (365 nm), KrF excimer laser (248 nm), ArF excimer laser (193 nm) or F 2 laser 

20 (157 nm). Alternatively, the illumination source can also use charged particle beams 

such as x-rays and electron beam. For instance, in the case where an electron beam is 
used, thermionic emission type lanthanum hexaboride (LaB6) or tantalum (Ta) can be 
used as an electron gun. Furthermore, in the case where an electron beam is used, the 
structure could be such that either a mask is used or a pattern can be directly formed 

25 on a substrate without the use of a mask. 

With respect to projection optics 46, when far ultra-violet rays such as the 
excimer laser is used, glass materials such as quartz and fluorite that transmit far 
ultra-violet rays are preferably used. When the F 2 type laser or x-rays are used, 
projection optics 46 should preferably be either catadioptric or refractive (a reticle 

30 should also preferably be a reflective type), and when an electron beam is used, 
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electron optics should preferably comprise electron lenses and deflectors. The optical 
path for the electron beams should be traced in vacuum. 

Also, with an exposure device that employs vacuum ultra-violet radiation 
(VUV) of wavelength 200 nm or shorter, use of the catadioptric type optical system 
5 can be considered. Examples of the catadioptric type of optical system include the 

disclosure Japan Patent Application Disclosure No. 8-171054 published in the 
Official Gazette for Laid-Open Patent Applications and its counterpart U.S. Patent 
No. 5,668,672, as well as Japanese Patent Application Disclosure No. 10-201 95 and 
its counterpart U.S. Patent No. 5,835,275. In these cases, the reflecting optical device 

10 can be a catadioptric optical system incorporating a beam splitter and concave mirror. 
Japanese Patent Application Disclosure No. 8-334695 published in the Official 
Gazette for Laid-Open Patent Applications and its counterpart U.S. Patent No. 
5,689,377 as well as Japanese Patent Application Disclosure No. 10-3039 and its 
counterpart U.S. Patent No. 5,892,1 17 also use a reflecting-refracting type of optical 

15 system incorporating a concave mirror, etc., but without a beam splitter, and can also 

be employed with this invention. The disclosures in the above-mentioned U.S. 
patents, as well as the Japanese patent applications published in the Office Gazette for 
Laid-Open Patent Applications are incorporated herein by reference. 

Further, in photolithography systems, when linear motors that differ from the 

20 motors shown in the above embodiments (see U.S. Patent Nos. 5,623,853 or 

5,528,1 18) are used in one of a wafer stage or a reticle stage, the linear motors can be 
either an air levitation type employing air bearings or a magnetic levitation type using 
Lorentz force or reactance force. Additionally, the stage could move along a guide, or 
it could be a guideless type stage that uses no guide. The disclosures in U.S. Patent 

25 Nos. 5,623,853 and 5,528,1 18 are incorporated herein by reference. 

Alternatively, one of the stages could be driven by a planar motor, which 
drives the stage by electromagnetic force generated by a magnet unit having two- 
dimensionally arranged magnets and an armature coil unit having two-dimensionally 
arranged coils in facing positions. With this type of driving system, either one of the 

30 magnet unit or the armature coil unit is connected to the stage and the other unit is 
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mounted on the moving plane side of the stage. 

Movement of the stages as described above generates reaction forces that can 
affect performance of the photolithography system. Reaction forces generated by the 
wafer (substrate) stage motion can be mechanically released to the floor (ground) by 
5 use of a frame member as described in U.S. Patent No. 5,528,1 18 and published 

Japanese Patent Application Disclosure No. 8-166475. Additionally, reaction forces 
generated by the reticle (mask) stage motion can be mechanically released to the floor 
(ground) by use of a frame member as described in U.S. Patent No. 5,874,820 and 
published Japanese Patent Application Disclosure No. 8-330224. The disclosures in 

10 U.S. Patent Nos. 5,528,1 18 and 5,874,820 and Japanese Patent Application 
Disclosure No. 8-330224 are incorporated herein by reference. 

As described above, a photolithography system according to the above 
described embodiments can be built by assembling various subsystems in such a 
manner that prescribed mechanical accuracy, electrical accuracy and optical accuracy 

15 are maintained. In order to maintain the various accuracies, prior to and following 

assembly, every optical system is adjusted to achieve its optical accuracy. Similarly, 
every mechanical system and every electrical system are adjusted to achieve their 
respective mechanical and electrical accuracies. The process of assembling each 
subsystem into a photolithography system includes mechanical interfaces, electrical 

20 circuit wiring connections and air pressure plumbing connections between each 
subsystem. Needless to say, there is also a process where each subsystem is 
assembled prior to assembling a photolithography system from the various 
subsystems. Once a photolithography system is assembled using the various 
subsystems, total adjustment is performed to make sure that every accuracy is 

25 maintained in the complete photolithography system. Additionally, it is desirable to 

manufacture an exposure system in a clean room where the temperature and humidity 
are controlled. 

Further, semiconductor devices can be fabricated using the above described 
systems, by the process shown generally in Figure 7. In step 301 the device's 
30 function and performance characteristics are designed. Next, in step 302, a mask 



17 



(reticle) having a pattern is designed according to the previous designing step, and in 
a parallel step 303, a wafer is made from a silicon material. The mask pattern 
designed in step 302 is exposed onto the wafer from step 303 in step 304 by a 
photolithography system described hereinabove consistent with the principles of the 
5 present invention. In step 305 the semiconductor device is assembled (including the 

dicing process, bonding process and packaging process), then finally the device is 
inspected in step 306. 

Figure 8 illustrates a detailed flowchart example of the above-mentioned step 
304 in the case of fabricating semiconductor devices. In step 3 1 1 (oxidation step), the 

10 wafer surface is oxidized. In step 312 (CVD step), an insulation film is formed on the 
wafer surface. In step 313 (electrode formation step), electrodes are formed on the 
wafer by vapor deposition. In step 314 (ion implantation step), ions are implanted in 
the wafer. The above-mentioned steps 311-314 form the preprocessing steps for 
wafers during wafer processing, and selection is made at each step according to 

1 5 processing requirements. 

At each stage of wafer processing, when the above-mentioned preprocessing 
steps have been completed, the following post-processing steps are implemented. 
During post-processing, initially in step 315 (photoresist formation step), photoresist 
is applied to a wafer. Next, in step 316 (exposure step), the above-mentioned 

20 exposure apparatus is used to transfer the circuit pattern of a mask (reticle) to a wafer. 

Then, in step 317 (developing step), the exposed wafer is developed, and in step 318 
(etching step), parts other than residual photoresist (exposed material surface) are 
removed by etching. In step 319 (photoresist removal step), unnecessary photoresist 
remaining after etching is removed. Multiple circuit patterns are formed by repetition 

25 of these pre-processing and post-processing steps. 

Although the invention has been particularly discussed in a photolithography 
system as an exemplary example, the inventive products, methods and systems may 
be used in other and further contexts, including any applications where it is desired to 
maintain a desired boiling temperature of a coolant for cooling a motor, such as 

30 precision apparatuses (e.g., photography system). Thus, while the invention has been 
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described in terms of its embodiments, those skilled in the art will recognize that the 
invention can be practiced with modifications within the spirit and scope of the 
appended claims. Thus, it is intended that all matter contained in the foregoing 
description or shown in the accompanying drawings shall be interpreted as illustrative 
5 rather than limiting, and the invention should be defined only in accordance with the 

following claims and their equivalents. 



